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The  term  rickettsia  (plural,  rickettsiae)  has  been  established  by 
usage for the broad designation of a  large group of minute pleomor- 
phic microorganisms, characteristically of intracellular habitat in the 
tissues  of  arthropods.  In  general  these  organisms  have  resisted 
isolation and accurate classification.  Certain members of this group, 
those pathogenic for mammals, have been given generic and specific 
names on the basis of distinctive biological and cytological character- 
istics.  The criteria for such a classification have recently been sum- 
marized (Pinkerton, 1). 
Dermacentroxenus  rickettsi,  the etiological agent of diseases of the 
spotted fever group, may be readily identified in infected mammalian 
tissues  by  its  characteristic morphology and  by  its  multiplication 
in the cytoplasm of smooth muscle cells of blood vessel walls (Wol- 
bach,  2).  A  more accurate identification of this  organism  can  be 
made in mammalian tissue cultures (Pinkerton and Hass, 3, 4) where 
it  proliferates  within  the  nuclei  of  cells.  No  organism  has  been 
described which could possibly be confused with it when the criterion 
of intranuclear localization and growth is applied. 
The recognition of D.  rickettsi in infected ticks is difficult because 
of  the  frequent  occurrence  there  of  non-pathogenic  intracellular 
microorganisms  (rickettsiae  in  the  above  defined  broad  sense)  of 
comparable morphology.  These non-pathogenic rickettsiae of ticks 
have  not  been  studied  in  detail  and  their  relationship,  if  any,  to 
D.  rickettsi is not known.  Wolbach (2) believed that the organisms 
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which he encountered in a  few ticks, presumably not infected with 
spotted fever virus, could be distinguished from D.  rickettsi on the 
basis of their larger size,  different morphology, less generalized dis- 
tribution in tissues, and absence from cell nuclei.  Parker (5), on the 
other hand, in ticks containing no demonstrable spotted fever virus, 
found organisms which he  could not  distinguish from D.  rickettsi. 
(Ticks were examined only by the smear method which does not reveal 
intranuclear forms and which may be misleading as to the number 
and distribution of organisms in  the various  tissues.)  In infected 
ticks he found the spotted fever virus often present in an immunizing 
but  non-virulent  state.  When  such  ticks  were  fed,  their  tissues 
became fully virulent.  This phenomenon which Parker  terms "re- 
activation of the virus" has not been shown to  depend on factors 
other than the multiplication of D. rickettsi in the tissues following 
the ingestion of blood. 
The  studies to be  reported here were undertaken in  an  attempt 
to  extend and harmonize previous observations, and were designed 
primarily to investigate the following questions. 
1.  What is the nature of the microorganisms in Dermacentor vari- 
abilis  tick tissues which have neither the capacity to infect guinea 
pigs with spotted fever nor to immunize guinea pigs against injections 
of the virus of spotted fever? 
2.  If a  comparison is made between these non-pathogenic micro- 
organisms and those that appear in D. variabilis  ticks after feeding 
on guinea pigs ill with spotted fever, can we distinguish them clearly 
from the acquired D. rickettsi on the basis of morphology, distribution 
in tissues, and intranuclear localization? 
3.  Is the morphology, distribution, or intranuclear localization of 
rickettsiae in tick tissues influenced by permitting ticks to refeed, by 
varying the duration of the incubation period after feeding, or by 
varying the temperature at which the ticks are incubated? 
4.  If there are any effects from the variations mentioned in the 
preceding question, will they be of such nature as to permit an insight 
into  the  possible  relationship  between  the  non-pathogenic micro- 
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Outline  of Method 
In order to investigate these questions, we proceeded in the follow- 
ing  manner.  First,  D.  variabilis  ticks  were  collected  from  their 
natural habitat in a region which was assumed, on the basis of medical 
experience, to be free from spotted fever.  Second, a reasonable proof 
of the absence of D. rickettsi from a large sample of these ticks was 
obtained.  Third,  all  ticks  used  in  the  feeding  experiments  were 
raised in the laboratory from eggs deposited by a few of the collected 
ticks.  Fourth, the ticks reared in the laboratory were separated into 
two lots.  One lot served as the control series and was permitted to 
feed  only upon  normal  guinea pigs.  The  other  lot,  when  in  the 
nymphal  stage  of  maturation,  was  exposed  to  infection  with  D. 
rickettsi through feeding on guinea pigs ill with virulent spotted fever. 
The nymphs were then permitted to moult and the adult ticks divided 
into four groups.  Group 1 was refed on a normal guinea pig.  Groups 
2,  3,  and  4  were  incubated,  respectively,  at  approximately 25°C., 
32°C., and 37°C.  Finally, at intervals over a period of several weeks, 
the ticks were dissected.  The viscera of a  few ticks were injected 
into guinea pigs in order to establish the presence or absence of in- 
fectivity.  The viscera of the remaining ticks were prepared in serial 
sections for histological study. 
Collection  and Preliminary  Testing  of Ticks 
A large number of D. variabilis ticks were collected from Cape Cod (Orleans 
and  Falmouth)  and  from Martha's Vineyard in the  State  of Massachusetts. 
So far as we could discover there has been no human case of spotted fever in 
these regions.  The nearest known endemic center of spotted fever is about 300 
miles distant.  82 ticks collected  in the field were permitted to feed on 8 normal 
guinea pigs.  5 days later they were dissected and their viscera injected intra- 
peritoneally into 20 normal guinea pigs.  Also, 46 engorged ticks 5 days after 
removal from dogs at Martha's Vineyard were dissected  and their viscera injected 
intraperitoneally into 8 guinea pigs.  None  of 36 guinea pigs so treated showed 
evidence of rickettsial infection.  Several  weeks later, all animals reacted posi- 
tively to an injection of Rocky Mountain spotted fever virus. 
These preliminary studies were supplemented  with an examination  of smears of 
the viscera of ticks collected  in the fields.  In 18 of these ticks there were variable 
numbers of microorganisms of various sizes and  shapes.  The microorganisms 
often resembled D.  rickettsi, although, in general, they were larger and more 
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From the results of these experiments,  we concluded that we could 
proceed with reasonable assurance that the lot of ticks at our disposal 
did not contain the virus of spotted fever. 
Raising of Nymphs for Feeding Experiments 
Unengorged female  ticks  collected in  the  fields  near  Orleans  on  Cape  Cod 
were placed in a  wire cage which was strapped securely to a  normal guinea pig 
by the method described by Wolbach (2).  They were permitted  to feed from 
June 3 to June 10, 1935.  The guinea pig remained afebrile and reacted positively 
to an injection of spotted fever virus, when tested 7 weeks later.  Several ticks 
which had fed deposited eggs during the period,  June 28 to July 9.  The eggs 
were kept  at  room temperature  in pill boxes.  By July 30th,  several  hundred 
larvae had emerged. 
Preparations for feeding the larvae were made as follows.  About two inches 
of sawdust and sufficient food to last a guinea pig for several days were placed in 
a  cylindrical glass museum jar  (about  10  inches  in  diameter  and  12  inches  in 
height).  A  cover for the jar was  cut from heavy white paper  so as to fit ac- 
curately to the outer edge of the rim of the open end of the iar.  Fine perfora- 
tions were made in the cover with the point of a small needle.  The jar was set 
in a pan (about two feet in diameter) which contained sufficient kerosene to form 
a  pool about  two inches  in depth  around the jar.  A  layer of liquid adhesive 
cement was spread on the rim of the open end of the jar.  A guinea pig (200 to 
300 gin.) fitted with a collar (Wolbach, 2) to prevent it from dislodging attached 
larvae was placed in the jar.  A pill box containing 100 to 200 larvae was then 
opened and the larvae deposited on the back of the guinea pig by tapping the 
outside surface of the box and its cover.  The paper cover which had been pre- 
pared for the jar was then quickly pressed into place.  Precautions were taken to 
guard against the retention of larvae on the hands or forceps used in manipulating 
the pill box. 
Between the 2nd and 8th days, the engorged larvae crawled slowly up the side 
of the jar and usually gathered in groups on the under surface of the paper cover. 
So soon as it was apparent that the maximum number of larvae had fed, small 
strips of the paper covered with larvae were cut away and the engorged larvae, 
being  relatively  inert,  were  easily  transferred  to  pill  boxes.  The  unengorged 
larvae, usually very active, were crushed with the forceps. 
The guinea pig which had not been removed from the jar was killed by ether- 
ization.  The jar and its contents were then sterilized in the autoclave. 
The pill boxes, each containing 50 to 100 engorged larvae,  were placed in a 
cylindrical glass jar (5 inches in diameter and 8 inches in height) containing about 
inch of sand moistened with 1 to 2 cc.  of water.  (The pill boxes  should not 
be in contact with the sand.)  The glass cover was sealed with vaseline  and  the 
jar placed in an incubator maintained  at  32°C. 
Moulting was complete in 8 days and a yield of 75 to 95 per cent of nymphs HENRY  PINKERTON  AND  GEORGE  M.  HASS  733 
was obtained from the larvae.  The nymphs were very active and it was neces- 
sary to exercise care in opening the pill boxes for inspection. 
Although the  method which  we have  described  gives  reasonable  assurance 
against  the escape of larvae,  it is probably not to be recommended when dealing 
with infected larvae. 
Feeding Experiments 
In the experiments to be detailed  here 80 active nymphs were allowed to feed 
on a normal guinea pig and 82 upon a guinea pig just entering the febrile stage of 
an infection with virulent Rocky Mountain spotted fever. 
The technic preparatory to feeding was identical  with that described for use 
with larvae.  Within a few days after sealing the covers on the containers about 
one-half of the nymphs, fully engorged, had crawled up the side of each jar and 
had gathered on the under surface of the paper cover, from which they were easily 
collected.  The remaining  nymphs were sifted  from the sawdust.  All nymphs 
were placed  in pill  boxes and permitted  to moult at room temperature  in  the 
moist  atmosphere  of the glass chamber. 
After moulting,  the adult ticks which had not been exposed to infection during 
the process of feeding as nymphs were permitted to feed on normal guinea pigs. 
The  wire cage-adhesive  tape  method was  used,  8  to  10  ticks  being placed in 
each cage.  After 4 days of feeding had elapsed, the cages were opened and the 
partially engorged females were removed.  The males  were allowed to feed  to 
repletion (usually 8 to 9 days).  After removal from the wire cage all were placed 
in pill boxes and kept at 32°C. in the moist chamber.  They were then dissected 
at intervals  varying from 4 to 32 days after feeding. 
8  ticks,  10  days after  removal  from  the  wire  cage,  were  dissected.  Their 
viscera were pooled and injected into 2 guinea pigs.  These aDimMs exhibited no 
evidence of disease and when tested  several weeks later reacted  positively to an 
injection  of virulent  spotted  fever  virus.  The viscera  of the  remaining  ticks 
were placed  in Regaud's fixative,  embedded  in paraffin,  sectioned  serially,  and 
stained  with Giemsa's solution. 
The lot of ticks  which  had been  exposed to  infection,  when  nymphs, were 
divided into four groups.  Group 1 was allowed to feed on a normal guinea pig 
and was thereafter maintained  at 32°C.  Groups  2, 3, and 4 were kept, respec- 
tively,  at approximately  25°C., 32°C., and 37°C.  Ticks  from each group were 
dissected at various  intervals,  the first  dissections being made 4 days after the 
members  of group  1 had been  removed  from the guinea  pig upon which  they 
were feeding and the last dissection 32 days later. 
The viscera of 3 ticks in group 2, injected  separately  into 3 guinea pigs, were 
proved to harbor the virus  of spotted fever, 2 months after the ticks  had been 
exposed to infection as nymphs.  The viscera of the remaining ticks were placed 
in Regaud's fixative,  embedded  in paraffin,  sectioned  serially, and stained  with 
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Histological Examination  of Ticks 
In all female ticks, whether exposed to infection with D. rickatsi 
or not, there were cells in the ovaries (especially ova in various stages 
of development) which contained large numbers of intracytoplasmic 
coccoid bodies.  These  structures  were  stained  a  dark  blue,  were 
sharply demarcated from the regional protoplasm, and often appeared 
to be ring-shaped.  They were found occasionally in one other organ, 
the intestinal tract, where they were present in the lining cells.  They 
were not found in the testesof ticks.  That these bodiesare not present 
only in this particular lot of ticks is clear because we have found 
entirely similar structures in the ovaries of at least 30 Rhipicephalus 
sanguineus ticks collected in Greece and Morocco.  These bodies are 
probably microorganisms and perhaps are related to the "symbionts" 
of arthropods or to the hereditarily transmitted parasites described 
by Cowdry (6).  No evidence was obtained that they ever assumed 
bacillary forms or that they ever invaded nuclei,  Since they were 
apparently  unrelated  to  the  pathogenic and  non-pathogenic rick- 
ettsiae under consideration, they were not studied in detail. 
Ticks Not Exposed to Infection.--20 ticks which had fed on normal 
guinea pigs, first as larvae, then as nymphs, and finally as adults, 
were dissected at intervals ranging from 4 to 32 days after the com- 
pletion of the period of feeding as adults.  Their tissues were prepared 
in serial sections for histological study.  In 7 of these ticks no micro- 
organisms except the coccoid bodies in  the ovaries were seen.  In 
the remaining ticks there were intracellular microorganisms which, 
in general, were rickettsia-like in appearance.  These organisms varied 
in shape from coccoid to elongated bacillary structures.  They ranged 
in size from minute forms recognized only by aid of the highest re- 
solving power of the microscope up to the size of ordinary bacteria. 
It was impossible to decide whether the organisms were variant forms 
of a  single pleomorphic organism or whether two or more different 
microorganisms were present. 
The size, shape, and number of these microorganisms bore no sys- 
tematic relationship to the interval which elapsed between the time 
of final feeding and the time of dissection of the ticks. 
The  distribution  of  these  microorganisms is  shown in  Table  I. 
Even though all tissues were occasionally involved, the heavy infec- HENRY  PINKERTON  AND  GEORGE  M.  HASS  735 
tion  of  generalized  distribution  such  as  was  found  in  many  ticks 
exposed to infection with D.  rickettsi,  was never encountered.  The 
most characteristic feature of the distribution was the massive local- 
ization  within  the  cytoplasm of  cells lining  isolated  salivary  gland 
acini.  This localization  could be readily recognized with the aid of 
low power magnification.  The cells so infected usually showed defi- 
nite  degenerative  changes.  The  microorganisms  were characteristi- 
cally  bacilliform  and  in  some  instances  distinctly  larger  than  D. 
rickettsi  although  they were never outside the morphological limits 
of this organism  (see below).  A  prolonged  study of the  tissues of 
these  ticks  showed no  intranuclear  microorganisms. 
TABLE  I 
Distribution of Non-Pathogenic Rickettsiae in 20 Dermacentor variabiUs Ticks 
No organism in any tissue (except  for coccoid  bodies  in ovaries)  ......... 
Salivary gland (massive  infection of isolated acini) ..................... 
Brain ............................................................ 
Muscle  ........................................................... 
Hypoderm  ........................................................ 
Ovaries ........................................................... 
Rectal sac ........................................................ 
Gut. 
Malpighian tubes  .................................................. 
7 ticks 
7  " 
8  " 
4  " 
8  " 
Ticks Exposed to  the Spotted Fever  Virus.--41  adult ticks exposed 
as nymphs  to infection with the  spotted fever virus were examined 
histologically in  serial  sections.  All were maintained  at room tem- 
perature until the final moulting process was complete.  Thereafter, 
12  were kept at  approximately  25°C.,  13  at  32°C.,  and  8  at  37°C. 
The  remaining  8 ticks were allowed to feed on a  normal guinea pig 
and thereafter were kept at 32°C.  The dissections were done at inter- 
vals ranging from 6 to 10 weeks after exposure to infection as nymphs. 
The outstanding histological feature was the intranuclear  localiza- 
tion of rickettsiae in 31 of these 41 ticks.  6 ticks showed no organisms 
except the above described coccoid bodies in the ovaries.  4 contained 
microorganisms which were not found in nuclei and which were similar 
to those described in the preceding group of control ticks. 
19 of the 31 ticks which had intranuclear  rickettsiae were further 736  SPOTTED  ~'EVER.  I1I 
characterized  by  a  heavy infection of  all  tissues  and  intranuclear 
masses of rickettsiae were present in almost every field.  The other 
12 ticks showed a less massive infection and a more irregular distri- 
bution  of  microorganisms.  Nevertheless,  rickettsiae  were  always 
found in cell nuclei during a search of a few minutes.  The organisms 
in the nuclei varied greatly in size and occasionally were as large as 
average  ordinary  bacteria.  This  impressive variation  in  size  was 
noted not only among organisms present in  cell nuclei in  different 
ticks but also among organisms in different nuclei in the same tick and 
even among those found in the same nucleus. 
In  3  ticks  with  intranuclear  rickettsiae  and  in  2  ticks  without 
intranuclear localization, the peculiar cytoplasmic infection of cells 
lining random salivary gland acini was noted.  This type of localiza- 
tion of rickettsiae was described above in several ticks not exposed 
to infection with the virus of spotted fever. 
The three factors, namely; refeeding, incubation at different tem- 
peratures, and variation of the period of incubation did not have any 
detectable effect upon the number, morphology, or distribution of 
microorganisms in the ticks.  Several of the best examples of massive 
infection of both the cytoplasm and the nuclei of cells were found in 
ticks maintained at about 25°C. for 8 to 10 weeks after exposure to 
infection with D. rickatsi.  It is possible that after a longer quiescent 
period and after a study of a larger number of ticks, definite effects of 
these factors would become appreciable. 
DISCUSSION 
It was clear from these studies: first, that the ticks which were not 
exposed to infection with D. rickettsi often contained one or more rick- 
ettsia-like  microorganisms, usually sparsely  distributed throughout 
practically all organs, and second, that the ticks exposed to infection 
with the virus of spotted fever often contained the same rickettsia-like 
microorganisms, plus D. rickatsi,  the latter usually being present in 
large numbers in all organs. 
The only unequivocally diagnostic difference between the control 
series of ticks and the group exposed to the spotted fever virus was 
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per cent of the latter group.  We have no data which would permit 
us to state that the remaining 25 per cent of the ticks were infected 
at all with D. rickettsi.  We can only state that they were exposed 
to infection through feeding and that 3 ticks selected at random from 
the  total  number in  group  2  were  proved  individually to  harbor 
D. rlckettsi by injection into animals. 
The morphological range of D.  rickettsi was therefore defined on 
the basis of forms found in nuclei.  This range was in agreement with 
that previously determined by a  study of D. rickettsi in cultures of 
mammalian tissues  (7)  from which non-pathogenic microorganisms 
were in all likelihood eliminated and in which intranuclear rickettsiae 
approaching the size of average ordinary bacteria were often seen. 
It was apparent that many of the intracytoplasmic microorganisms 
in the control series of ticks were well within the morphological range 
of D. rickatsi.  The massive invasion of all tissues by D. rickatsi and 
the small average size of D. rickettsi in a characteristic heavy infection 
of ticks (as in any one of the 19 ticks described above) would enable 
an observer to  distinguish this  organism from the non-pathogenic 
rickettsiae without using the  criterion of intranuclear localization. 
The diagnosis may also be aided by the fact that D. rickettsi is usually 
distributed diffusely in the salivary gland and does not produce de- 
tectable injury to those cells in which it localizes.  In contrast, the 
non-pathogenic  rickettsiae  characteristically  concentrate  in  cells 
lining isolated gland acini and apparently produce necrosis of these 
cells.  In ticks harboring relatively few organisms, however, a differ- 
ential  diagnosis  based  on  morphology  and  distribution  would  be 
unreliable.  Intranuclear localization  is,  as  stated  above,  the  one 
infallible criterion for diagnosis. 
It is our opinion that the non-pathogenic rickettsiae of ticks are 
quite distinct from D. rickettsi despite confusing morphological simi- 
larities.  This  opinion is  based,  first,  upon  our failure  to  produce 
an immunity to D. rickettsi in guinea pigs by previous injections of 
large numbers of the non-pathogenic microorganisms;  second, upon 
:he  morphological  and  distributional  differences  (as  described  in 
characteristically heavily infected ticks), and finally, upon the absence 
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multiplication of D. rickettsi in the nuclei of cells seems to indicate 
a particularly significant capacity, which we have shown to be carried 
over from insect to mammalian tissues in fi~vre boutonneuse without 
the employment necessarily of tissue culture technique (4)  while in 
Rocky Mountain spotted fever and Eastern  spotted fever in  vitro 
cultivation of tissues was required (3). 
The observations in general would seem to have a bearing on the 
correlation of visible D. rickettsi with the infectivity of tick tissues, 
If smears alone are employed in making this correlation, non-patho- 
genic microorganisms may be mistaken for D. rickettsi, while D. rick- 
ettsi if largely within nuclei (as is occasionally the case) may be easily 
overlooked. 
SIYMMAR¥ 
Comparative studies were made of the microorganisms present in 
D. variabilis ticks, some of which served as a control series while the 
remainder were exposed to infection with D. rickettsi and thereafter 
maintained under various conditions. 
All female ticks contained in their ovaries a  coccoid intraceUular 
microorganism. 
About 50 per cent of all ticks after refeeding contained rickettsia- 
like microorganisms in variable numbers in nearly all organs. 
The groups of ticks exposed to infection with the virus of spotted 
fever, in addition to  the above mentioned microorganisms, usually 
harbored large numbers of D. rickeUsi,  distinguishable with certainty 
from  the  non-pathogenic  organisms  only by  their  localization  in 
nuclei of tick cells. 
No influence upon the size, number, or distribution of either the 
non-pathogenic rickettsiae or D. rickatsi in ticks was attributable to 
refeeding, variations of the temperature of incubation, or variations 
of the length of the period of incubation. 
We conclude from the results of these studies that the non-patho- 
genic rickettsiae which occur in D. variabilis ticks have no well defined 
relationship to D. rickettsi since they differ from the latter organism 
not only in the absence of virulence and immunizing properties, but 
also in their distribution in tick tissues and inability to multiply in 
the nuclei of cells. HENRY PINKERTON AND  GEORGE M.  I-lASS  739 
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